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(Single) Claim: 

Process for the preparation of triethanolamine free from coloration due to neutralization 
with an acid, which comprises reaction of ethylene oxide and ammonia, separation of 
monoethanolamine and diethanolamine from the reaction product, heat treatment of the 
crude triethanolamine obtained at 170 to 250 ^ for 1 to 10 hours under exclusion of 
oxygen, and subsequent distillation of the heat-treated crude triethanolamine under 
reduced pressure. 

Descriptive part of the invention: 
[Industrial field of application] 

The present invention relates to a process for the preparation of triethanolamine, in 
particular, triethanolamine which is not colored when neutralized with an organic or 
inorganic acid. 

[Conventional technology] 

Triethanolamine is usually prepared by reaction between ethylene oxide and aqueous 
ammonia. Following separation of unreacted ammonia, the reaction product 
discharged from the reactor is sent to a stopper for the removal of water content, 
yielding mixed ethanolamine containing mono-, di-, and tri-ethanolamines. The mixed 
ethanolamine is sent to the first distillator for the separation of monoethanolamine by 



distillation under reduced pressure and the bottom solution is sent to the second 
distiUator for the separation of diethanolamine by distillation under reduced pressure. 
Then the bottom solution is sent to the third distillator for the separation of 
triemanolamine by distillation under reduced pressure. Trietb^olamine thus obtained 
usually contains 4 to 10 wt-% of diemanolamine and, therefore, is further distilled 
under reduced pressure in order to separate the diethanolamine. Alternatively, the 
bottom solution of the second distillator is separately sent to another distillator for the 
separation of low boiling components by distillation under reduced pressure and then 
the bottom solution obtained is sent to still another distillator for distillation under 
reduced pressure in order to obtain high purity triemanolamine. 

[Problems to be solved by the invention] 

Triemanolamine is employed as raw materials of cosmetics, detergents, emulsifiers, etc. 
in the form of fatty acid amide or higher alkylsulfate. 

It is, therefore, required that triemanolamine is highly pure and free from abnormal 
coloring in secondary reaction conducted when used, such as neutralization with an 
organic acid, such as acetic anhydride, citric acid, sulfuric acid, hydrochloric acid, and 
phosphoric acid, or an inorganic acid. The conventional preparation processes can 
provide highly pure triemanolamine. However, it is very difficult in such processes to 
obtain high-quality triemanolamine which has good hues and colors little with an acid 
and, at the same time, does not develop such properties with time after production. It 
is required for obtaining highly pure and high-quality triemanolamine by the ' 
conventional processes to thoroughly separate the low and high boiling fractions by 
raising the reflux ratio of the distillation tower and increasing the distillation amount or 
the amount extracted from the tower bottom. As a result, the yield is lowered, causing ; 
economical disadvantage, and the coloring in neutralization with an acid being not so : 
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much improved in spite of such efforts. 

Therefore, various processes for the preparation of highly pure triethanolamine which is 
not so significantly colored when neutralized with an acid have been suggested. In JP 
Patent Publn. No. 41-13978, for example, there is disclosed a process for the prevention 
of poor hues and citric acid-coloring over a long period by addition of alkali 
borohydride to triethanolamine obtained by distillation. However, the additive is 
expensive and effective for the improvement of hues and coloring with citric acid only 
immediately after the treatment if used in a small amount and, therefore, must be added 
in a considerable amount in order to prevent changes in such properties with time. As 
a result, the product cost is increased. 

In JP Patent Appln. Disclosure No. 56-2942 there is also disclosed a process for the 
prevention of coloring in neutralization with an acid by contacting of triethanolamine 
with an oxygen-containing gas at 25 to 100 °C immediately after distillation under 
reduced pressure. 

The process, however, is effective for the improvement of coloring caused by 
neutralization with acetic anhydride, sulfuric acid, etc., but not so effective with 
phosphoric acid. Furthermore, the process generally brings about poor hues on the 
other hand. 

The purpose of the present invention is, therefore, to provide a' process for the 
preparation of highly pure triethanolamine which is little colored when neutralized with 
an acid. 

[Means of solution of the problems] 
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The present inventors have made various efforts in order to solve the above problems, 
completing the present invention. 

The present invention is a process for the preparation of triethanolamine free from 
coloring in neutralization with an acid, which comprises reaction of ethylene oxide and 
ammonia, separation of monoethanolamine and diemanolamine from the reaction 
product, heat treatment of the crude triethanolamine obtained at 170 to 250 t for i to 
10 hours with oxygen stopped, and subsequent distillation of the heat-treated crude 
triethanolamine under reduced pressure. 

The present invention is described in further detail below. 

The present crude triethanolamine is separated by the ordinary process from a mixture 
of emanolamines prepared by the ordinary reaction between ethylene oxide and 
ammonia. 



In the present process, the production proportions of emanolamines obtained may be 
different. 



The reaction product is sent to a dehydrating tower after separation of unreacted 
ammonia for the removal of water content, yielding mixed ethanolamines containing 
mono-, di-, and tri-ethanolamines. Then the mixed emanolamines are sent to the first 
distillator for the separation of monoethanolamine by distillation under reduced pressure 
and then the bottom solution is sent to the second distillator for the separation of 
diethanolamine by distillation under reduced pressure. In the present process, the 
bottom solution obtained, that is, crude triethanolamine is supplied to heat treatment 
equipment for heat treatment. 
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In the present process, the crude triethanolamine is heat-treated at 170 to 250 °C. 
Treatment at a temperature lower than 170 <fc is impractical because it takes a long 
time to heat-treat the substance and sufficient effects cannot be expected. If the 
temperature exceeds 250 *C, the quality of the substance all the more deteriorates due 
to additional coloring caused by the pyrolysis products. 

The heat treatment period is one to ten hours. As far as the temperature is in an 
appropriate range, if the heat treatment temperature is low, the heating time can be 
prolonged, and if the temperature is high, the time can be shortened. It is, in particular, 
preferred that the temperature and time for the heat treatment are 190 to 210 t and 5 
to 2 hours, respectively. 

The heat treatment can be performed under pressure, at an ordinary pressure or under 
reduced pressure. 

The present heat treatment can be conducted either in a batchwise or continuous system. 

No complicated equipment is required for the present heat treatment, but any boiler-type 
equipment with an exchanger, a jacket or an inner coil can be used as far as it enables 
retention for a prescribed time. In the continuous system, however, a uniform effect 
may not be obtained due to the short path, in particular, if the mixed flow type is applied. 
Therefore, the plug flow type is preferred. In the case of batchwise operation, stirring 
or pump circulation brings about favorable effects. 

The crude triethanolamine thus heat treated is sent to the third distillator for distillation 
under reduced pressure in order to obtain high-quality purified triethanolamine. 
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The present process may be conducted by combining the batchwise heating treatment 
and the batchwise distillation as follows: The bottom solution of the second distillator 
is supplied to a batchwise distillation tower pot, heated while being circulated to a 
reboiler for heat treatment under the fixed conditions, and subsequently distilled under 
reduced pressure for the separation of low boiling components, separating 
triethanolamine by distillation. 

It is further required in the present process that the heating treatment and the subsequent 
distillation under reduced pressure are carried out with oxygen stopped. It is essential 
for attaining the present purpose that leaking of air into the heat treatment equipment, 
the distillation tower for distillation of triethanolamine under reduced pressure, and 
other devices be prevented. It is also required that the air in the equipment and devices 
is thoroughly replaced with nitrogen or other gas in order to eliminate oxygen gas 
before using them. 

It has conventionally been pointed out that triethanolamine is susceptible to heat and, 
therefore, easily degraded when heated to a high temperature for a long period of time, 
and that the distillate obtained under the condition of 190 t or higher considerably 
colors and changes in the properties with time. However, the triethanolamihe obtained 
by the present process, which comprises treatment at a high temperature and distillation 
under reduced pressure with oxygen strictly stopped, is of high quality, exhibits good 
hues, and hardly colors when neutralized with an acid, showing little change in the 
properties with time. 

[Examples] 

The following Examples and Comparison Examples illustrate the present invention in 
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more detail. 
Example 7 r 

Ethyleneoxide was allowed to react with 30 wt.-% aqueous ammonia solution at a molar 
ratio of 1 : 3 under pressure at 60 X. in an ethanolamine preparation plant. After 
removal of unreacted ammonia, the reaction solution was dehydrated in order to obtain 
mixed ethanolamines. Separation of monoethanolamine and diethanolamine by 
distillation under reduced pressure provided crude triethanolamine, as bottom solution, 
comprising 95 to 96 wt.-% of triethanolamine with the balance being occupied with 
diemanolamine and trace amounts of high-boiling substances. The crude 
triethanolamine obtained was subjected to the following treatment. 

As heat treatment equipment there was used a 2-1 stainless autoclave equipped with an 
inlet and an outlet for nitrogen and a stirrer. The distillator comprised a glass Widmer 
column, 3 cm in diameter and 50 cm in height, and a 2-1 glass flask equipped with an 
inlet, an outlet, and a capillary for nitrogen. The autoclave and the equipment for 
distillation under reduced pressure were directly connected with a duct to transfer the 
heat-treated crude triethanolamine from the autoclave to the distillator by nitrogen 
pressure without allowing the substance to touch the air. 

To the autoclave the air in which had been replaced with nitrogen for the elimination of 
oxygen there were introduced 1 kg of the above crude triethanolamine. After further 
nitrogen substitution for the elimination of oxygen, the contents of the autoclave were 
pressurized with nitrogen to 0.2 kg/cm 2 G and then heated to 190 °C for five hours 
while being stirred. The solution after heat treatment was transferred from the 
autoclave to the distillatory by nitrogen pressure so that the solution did not contact the 
air. Then, the solution was distilled under reduced pressure and the distillate at a 
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temperature of 175 to 178 °C and a pressure of 3 mmHg was separated, yielding 850 g 
triethanolamine with a purity of 98.7 %. The purified triethanolamine was evaluated 
for hues (APHA color measurement) and for coloration in neutralization with 
phosphoric acid. The APHA color index was obtained by measurement of the 
absorbance at a wavelength of 420 nm with a spectrophotometer using distillation water 
as control and subsequent conversion of the absorbance to an APHA color index. The 
degree of coloration in neutralization with phosphoric acid was determined as follows: 
Into an Erlenmeyer flask with a stopper there were introduced 45 g triethanolamine and 
then 5 g water. After stirring, 10 g phosphoric acid and 12.5 g propylene glycol were 
added to the flask and mixed thoroughly. Then, the flask was stoppered and heated in 
a water bath to 75 t for 20 minutes. The resulting mixture was determined for 
absorbance (- log T) at wavelengths of 420 nm and 530 nm with a spectrophotometer 
using distilled water as control (the same shall apply hereinafter). 

Th e APHA co lor index of purified triethanolamine obtained was 1 f) ^ The 
triethanolamine neutralized with phosphoric acid exhibited absorbances of 0.015 and 
0.008 at 420 nm and 530 nm, respectively. 



Comparis on Example 1 : 

Purified triethanolamine was obtained by th e same procedure as followed in Example 1 
except that the crude triethanolamine was not heat treated, but simply distilled under 
reduced pressure. Th e APHA color index of triethanolamine obtained was 30. The 
absorbance values of triethanolamine neutralized with phosphoric acid were 0.042 and 
0.027 at 420 nm and 530 nm, respectively. These properties were remarkably inferior 
to those of purified triethanolamine of Example 1. 
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Examples 2 to 10 and Comparison Example ?• 

In Examples 2 to 10 there was followed the procedure of Example 1 except that the 
heating temperature and time were different from those employed in Example 1. 

Tables 1 and 2 list the treatment conditions, the hue index, the results of coloration 
caused by neutralization with phosphoric acid, acetic anhydride, and sulfuric acid of the 
purified triethanolamines obtained together with the results of Example 1 and 
Comparison Example 1 . The results of coloration by acid neutralization of the purified 
triethanolamine obtained in Comparison Example 2 conducted following the procedures 
of Comparison Example 1 are given in Table 2. 

The degree of coloration of triethanolamine neutralized with acetic anhydride was 
obtained by determination of the absoibances (- log T) at 530 nm and 445 nm using 
distilled water as control with a spectrophotometer after 30 g triethanolamine combined 
with 1 ml acetic anhydride were allowed to stand at 80 P C for 30 minutes. The degree 
of the coloration of triethanolamine neutralized with sulfuric acid was obtained by 
determination of the absorbances (- log T) at 445 nm and 580 nm using distilled water 
as control with a spectrophotometer after the triethanolamine was diluted with distilled 
water at a volume proportion of 1 : 1 and subsequently neutralized with 62 wt.-% of 
sulfuric acid until the pH became 6.5 using a pH meter. 



® 



9 



21-04-2005 



Table 1 



1 




> ■ 








Hr 


APHA 




530sa 


2 


170 


6 


2b 


0.030 


0.020 






1 


15 


0.020 


0.015 




190 


3 


10> 


0,0 18 


0.009 






5 


I0> 


0.0 1 5 


0.000 






1 


10> 


0.020 


0.01 1 


W-6 


210 


3 


I0> 


0.0 1 7 


0.009 


&9S-7 




5 


10> 


0.01 5 


0.010 


W. 




1 


15 


0.025 


0.018 




250 




20 


0.030 


0.020 






a 


&2W-1 




s 


ao 


0.0 4 2 


0.027 



1 . Heat treatment conditions 2. Hue 

3. Degree of coloration when neutralized with phosphoric acid 

4. Example 2 5. Example 3 6. Example 4 
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13. Comparison Example 1 
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1. Heat treatment conditions 2. Hue 

3. Degree of coloration when neutralized with acetic anhydride 

4. Degree of coloration when neutralized with sulfuric acid 

5. Example 10 6. Comparison Example 2 
7. Untreated 



[Effects of the invention] 

The present process enables easy and economical preparation of highly pure 
triethanolamine of high quality, which is hardly colored when neutralized with an acid 
and has favorable hues. Triethanolamine prepared by the present process is very 
favorable as raw material of liquid detergent, body shampoo, cosmetics, etc. because 
coloration of the compound is prevented without addition of any additive and, therefore, 
without contamination with impurities. 
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